Purpose: To study the association between stromal cell-derived factor-1 (SDF-1/ CXCL12) and vascular endothelial growth factor (VEGF) concentrations in individual human ovarian follicles and IVF outcomes.
| INTRODUC TI ON
Oocyte quality is the most important factor determining the outcome of embryo development. The quality of an oocyte is influenced by the characteristics of follicular microenvironment such as the intrafollicular oxygen level and the degree of follicular vascularity. 1 Vascularization is considered to play an important role during folliculogenesis, because the oocytes retrieved from highly vascularized follicles have higher fertilization rates. 2, 3 The ovary is a site of active angiogenesis, and the development of follicular microvasculature is regulated by the angiogenic factors present in the ovary. 4 Recently, we showed that the concentrations of stromal cell-derived factor-1 (SDF-1/CXCL12) and vascular endothelial growth factor (VEGF) in the follicular fluid (FF) increased with an enlargement in the follicular diameter and volume, thus suggesting that these angiogenic factors may play an important role in folliculogenesis. 5 Vascular endothelial growth factor is a key regulator of angiogenesis. VEGF plays a potential role in the development of the perifollicular capillary network and may be a potential marker of the quality of follicular microenvironment. VEGF, which is produced by follicular granulosa and theca cells, and also known as vascular permeability factor, is a potent angiogenic factor and a mitogen for vascular endothelium. The regulatory role of VEGF can be observed at almost all stages of follicular angiogenesis, from the development of the antral follicle to the formation and maintenance of the corpus luteum. 6, 7 The SDF-1 as well as VEGF plays important roles in angiogenesis.
SDF-1, a CXC chemokine, is a potent chemoattractant for endothelial cells, leukocytes, and hematopoietic progenitor cells. 8 Previous studies have shown that SDF-1 is produced by the luteinizing granulosa cells present in the follicular aspirates of patients undergoing in IVF-ET. 9 VEGF and SDF-1 interact synergistically to promote the functions of vascular endothelial cells, such as cell migration, gene expression, and cell survival. 8, 10, 11 In a previous study, we found that a positive correlation exists between the concentrations of SDF-1
and VEGF in FF. 5 In view of the pleiotropic functions of SDF-1 and VEGF, we hypothesized that the levels of these angiogenic factors are associated with the parameters of oocyte quality, such as fertilizability and developmental competence. In the present study, we investigated the association between the concentrations of SDF-1 and VEGF in individual follicles and the fertilization outcome and embryo development. /mL, because seminal characteristics may affect the embryo development. 13 The protocol for ovarian stimulation was described previously. 
| MATERIAL S AND ME THODS

| Patients, stimulation protocol, and retrieval
| Samples collection
Follicular fluid was aspirated separately from each follicle during oocyte retrieval. The collection tube was flushed to prevent contamination from sample to sample. Any follicle aspirates that were no clear or contaminated with blood were discarded. After removal of the oocytes, the clear FF samples were immediately centrifuged for 10 minutes at 1000 g and were stored at −80°C for further analysis.
| Fertilization and culture
Immediately after retrieval, all oocytes were cultured in HFF media (Fuso Pharmaceutical Industries, Ltd. Osaka, Japan) containing 10%
LGPR (LifeGlobal, Guelph, ON, Canada) at 37°C in an atmosphere of 5% CO 2 , 5% O 2 in air. After a period of 4 hours in culture, the collected oocytes were briefly exposed to 80 IU/mL hyaluronidase (SynVitro LGPR. Embryo grading was based on the criteria described by Veeck. 14 BL was evaluated according to a previously published scoring system. 15 We analyzed the proportion of full
BLs and good-quality BLs on day 5 as described previously. 16 We calculated the number of BL forming three or more per total number of cleavage embryo as the rate of full BL and the number of BL forming three or more (AA, AB, BA, or BB) per total number of cleavage embryo as the rate of good-quality BL.
| Biochemical assay
Concentrations of SDF-1 and VEGF in FF were determined with a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Duoset ® ELISA human CXCL12/SDF-1 and human VEGF; R&D Systems, Minneapolis, MN). Intra-and inter-assay coefficients of variation (CVs) in FF were 3.3% and 7.2% for SDF-1, 2.2% and 8.9%
for VEGF, respectively. All the procedures were performed according to the manufactures instructions.
| Statistical analysis
Comparative evaluation of fertilization rate, cleavage rate, full BL rate, and good-quality BL rate between groups was done using χ 
| RE SULTS
| Fertilization and embryo morphology
The fertilization rates, cleavage rates, and the embryo morphology on day 3 of the SDF-1 and VEGF concentration groups are shown in Tables 1 and 2 , respectively. The FF concentrations of SDF-1 and VEGF were not significantly associated with fertilization and cleavage outcomes, blastomere number, and the embryo grade.
| Blastocyst morphology
The numbers of full BLs and good-quality BLs on day 5 in the SDF-1 and VEGF concentration groups are shown in Figures 1 and 2 , respectively. The rates of full BLs and good-quality BLs were significantly higher in the follicles with an SDF-1 concentration of 275-350 pg/mL than in the follicles with SDF-1 concentrations of <200 and ≥350 pg/ mL (P < 0.05). The FF concentrations of VEGF were not significantly associated with the BL morphology.
| D ISCUSS I ON
In the present study, we determined the concentrations of SDF-1 and Some reports have discussed the relationship between VEGF concentration in the FF and embryo development. 22, 23 To the best of our knowledge, our study is the first to evaluate the relationship between VEGF concentration in the FF and BL morphology. Our study was designed to include only women aged <38 years, because a positive correlation has been reported between the elevated levels of VEGF in the FF and chronological age of patients. 12 All the patients had undergone identical procedure for controlled ovarian stimulation and had developed adequate response. Nevertheless, our study failed to show any significant association between VEGF concentration in the FF and fertilization rate and embryo development. Our findings are consistent with those of some previous studies that reported an insignificant association between the follicular VEGF concentration, and fertilization outcome and embryo quality. 18, 22 Like our work, these studies adopted criteria such as chronological age. 22 However, Barroso et al 24 showed that VEGF concentration in the FF negatively correlated with the embryo morphology on day 3 in unselected patients. Some previous studies, which support the results of Barroso et al, 24 have shown that elevated VEGF concentration in the FF is a potential marker of diminished pregnancy and that it negatively correlates with embryo quality. 25 In the present study, the SDF-1 concentration in the FF was found to be associated with the numbers of full BLs and good-quality BLs on day 5, but not with embryo morphology on day 3. This may be attributed to the differences between the morphological evaluations conducted on days 3 and 5, because BL culture permits the selection of more viable embryos. It is suggested that the morphological criteria which govern embryo selection on day 3 are highly subjective and do not reflect the quality of embryos as accurately as the criteria used on day 5 do. 26, 27 Embryo quality is an important predictor for IVF treatment, because a high-quality embryo increases the pregnancy rate. 16, 29 Therefore, SDF-1 concentration in the FF might be an early predictor of BL formation.
The disparity between the numbers of full BLs and good-quality In conclusion, we showed that FF concentration of SDF-1, and not VEGF, may be a valuable biochemical marker of blastocyst development after ICSI. This knowledge will provide new insights into our understanding of the aspects of ovarian physiology, such as follicular development and oocyte competence.
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